Abstract-This paper presents the prototype design of a push-pull topology inverter for photovoltaic (PV) portable lamp. The inverter is the main element that responsible in controlling the electricity flow between the PV module, battery and loads in any PV based system. A 10W solar PV module was used and the Direct Current (DC) electricity generated is stored in a 12V rechargeable battery monitored by a charge controller circuit. Several Alternating Current (AC) lamps were used to show the load variations in this system. Circuit operation, simulation and design, along with experimental results taken from a laboratory prototype are presented. Based on prototype result analysis it has been possible for this inverter to feed others AC appliances during off-grid.
I. INTRODUCTION
N implementing a combination of renewable energy and power electronic device, there are few options to be considered in order to produce a properly operating solar inverter system. To satisfy the requirements for the consumers, the implementation of this system must deals with certain aspects of application. The system developed can be simple or complicated depend on the availability of electronic components, the output power desired from solar photovoltaic (PV) module and inverter, and the performance of the battery itself. A good working system indeed may produce a better performance which can be classified as a perfect system. Various of inverter topologies are studied throughout these years. The method of adding a chopper to conventional inverter topology is approached [2] . Apart from that, method using only two power switches to the topology and manipulating suitable switching signal in achieving alternating current (AC) outputs [4] . Latest approach is combinational of both push-pull and H-bridge topologies also being proposed [11] .
This paper present an implementation of 4 power switches as a part of push-pull inverter topology with manipulating the centre tab transformer function to increase the AC voltage. Basically, a portable lamp being used to represent the AC loads to show the best concept of implementing a cost effective solar system for AC appliances. The approach used is compatible with the current situation of instability of oil and coal prices with global warming phenomenon around the world [2] . This might affect the cost of generating electricity for the consumption in daily life. In fact, this project may become a new solution to overcome the problems that related to the increasing charges for electricity consumption due to the home appliances usage. Besides, this inverter concept also can be used in industrial applications such as variable speed drives for single-phase and three-phase AC motors, standby or emergency power supplies, induction heater and AC appliances run from an automobile battery [13] . The output of PV is in direct current (DC) form. Therefore, it requires sophisticated conversion techniques to make them usable because the power utilisation is mostly in AC form. This conversion can be done by using inverter that converts DC input into AC output [13] . The inverter is a critical component responsible for the control of electricity flow between the PV modules, battery and loads in any PV based system as shown in Figure 1 . 
II. HARDWARE DESIGN

A. Inverter Design
This prototype consists of four parts which operate in different level with different characteristics, but in the same phase to produce a good working system. The first part of the prototype is the input. This part consists of solar PV module which acts by delivering the power converted from the sunlight to the energy storage. Meanwhile, the energy storage part is covered by two components, which are charge controller and battery. The charge controller operates by keeping the battery properly charged by the solar PV module. As the battery is fully charged, the charge controller will cut off the current from the supply in order to prevent the battery from damaged. The third stage is the heart of the prototype which is single phase inverter. This part consists of the conversion process from DC voltage produced by the supply into AC voltage.
The inverter is connected in the flow between the battery and the load in order to transform the DC voltage from the battery into AC voltage. The 12V output from the inverter is step up 230V by using transformer as the load requires 230V input for its normal operation. This prototype will utilize a 3W light emitting diode (LED) light bulb as the AC load. This project implements the type of push-pull inverter application as the DC to AC converter. The circuit is designed by referring to the basic concept of push-pull topology circuit. The schematic diagram of the push-pull inverter is designed in Livewire software by using push-pull topology as shown in Figure 2 . The push-pull topology is suitable for producing square and modified square wave inverter. The inverter switching circuit is built around a multi-vibrator component, CD4047 (IC2). This chip acts as the main component of the switching circuit. It produces three square wave signal outputs which are pin 10, 11, and 13. Pin 13 of the IC2 produce the fundamental frequency waveform. Meanwhile, the output from pin 11 and 10 produces half the fundamental frequency. However, at pin 10 the signal is inverted to 180° which indicates opposite characteristics to pin 11.
The frequency is determined by two components which are 0.1μF capacitor (C3) and 45 kΩ variable resistor (VR10) in order to obtain 50Hz for the system. Other components such as NPN transistors, resistors, and zener diodes act as the gate driver for the Metal Oxide Semiconductor Field Effect Transistor (MOSFETs) to operate. As the base of TIP120 is grounded (0V), it is switched OFF as no base current flows, hence no current flows from the emitter to the collector. This condition causing the MOSFET to switch OFF too, thus no voltage supplied from the battery via the center tapped transformer. If the base is in forward biased condition, TIP120 is switched ON as a current flow from the emitter to the collector. At this point, the MOSFET also switched ON. The gate switch, TIP120 conduct by turn based on the gating pulse received from the output pin multi-vibrator.
Meanwhile, the operations of the MOSFETs depend on the switching sequence of the TIP120. The designed circuit only involved two output pins of IC2 which are pins 10 and 11. Since the output signals from these two pins are inverted to each other by 180°, it changes the polarity of the center tapped transformer and producing a square wave output signal. The assembled push-pull inverter circuit must be connected to a center tapped transformer in order to operate. The selection of the correct size of the transformer is important to obtain the desired output voltage. Since the load used in the project consumed a very low current from the battery, the maximum rated current of the transformer can be very low. Hence, a center tapped transformer rated at 2A with ratio 1: 20 was selected. It is suitable for the designed inverter circuit since the load carry a very low current from the supply. If the current flow exceeds the maximum rated current of the transformer, the circuit may not operate as the component in the circuit could be damaged. The complete prototype is shown in Figure 4 .
B. PV Controller Design
The circuit is built around a 555 timer IC (IC1) as shown in Figure 3 . This chip has two inputs which are pin 2 and pin 6. These input voltages are compared to a set of reference voltages that are based on the input voltage. A 7805 voltage regulator (RG1) is used to fix the input voltage to 5V. Each of the input pin is connected to a 10kΩ multi-turn potentiometer (VR1 and VR2). These variable resistors act to adjust the reference voltage set at the two inputs. The output at pin 3 goes high in case of the voltage at pin 2 decreases below the reference voltage set. In other condition at pin 6, as the input voltage increases above the reference voltage set at pin 6, the pin 3 will become low.
Meanwhile, the type of relay used is Single Pole Double Throw (SPDT) rated at 12V and 10A (RL1). The common terminal of the relay is connected to the power supply which is the solar PV module whereas the normally close and normally open terminals are connected to the battery and dummy load respectively. In addition, two safety resistors of 330Ω (R8 and R9) are connected in the connection of push button at pin 6 and the connection of VR1 and VR2. The role of these two resistors is to protect the circuit against accidental short circuit in case of both push buttons (SW1 and SW2) are pressed concurrently or the push buttons are pressed when the potentiometers are at the limits of travel. 
B. Inverter Switching Signal at Oscilloscope
As mentioned before, CD4047 IC acts as the switching component by implementing the function of multi-vibrator. Two output pins are used in generating the switching sequence which is pins 10 and 11. The output produced from these pins is quite similar to the signal produced by the gating block in simulation. Pin 10 produce positive half-cycle signal while pin 11 signal is inverted to 180° which indicates the negative half-cycle. The circuit was connected to the oscilloscope in order to get the display of output waveform. The waveform obtained from pins 10 and 11 is illustrated in Figure 5 . The multi-vibrator IC produced a square wave pulse with a frequency of 50.06 Hz at both pins. As can be seen from Figure 4 , when pin 10 is in high condition, the output waveform from pin 11 will be low. This situation indicates the output pins are inversely operated to each other. The pin 10 produced a square wave pulse with 168 mV while pin 11 produced a square wave pulse with a 168 mV. The pulses will trigger the inverter MOSFETs power switches.
C. Inverter Output at Oscilloscope
The output waveform produced from the primary side of the transformer is displayed in Figure 6 . The square wave signal has been amplified by the MOSFET at which the output waveform from (a) produced a 10.4V peak to peak while (b) produced a 12.4 V peak-to-peak at 50.06 Hz. This operation results the induced voltage at the secondary winding of the transformer. The output waveform at the secondary side of the transformer is shown (c) which indicated 254 VAC nearly to the expected value 230 VAC. 
D. Inverter Efficiency
The efficiency of an inverter indicates how efficient the system works with the connection of the load at the output terminals. It describes the actual percentage of the input power from the battery that is converted and fed to the load. Equation (1) is used as a calculation measurement of several types of loads that have been connected to the push-pull inverter developed.
(1) As tabulate in Table I , the efficiency of the inverter with a 3W LED lamp connected load is 66.23%. At this rate, it can be classified that the efficiency of the inverter for a 3W load is very low. Meanwhile, when testing with 18W Compact fluorescent lamp (CFL) as the load the efficiency obtained is 92.61%. However when the load rated at 21W results in 96.83% efficiency which is the highest compared to the other two loads. The results produced by the variation of loads concluded that the efficiency of the inverter is low at 3W load. As the load increased, the efficiency also increased. Thus, higher load connected to the inverter, higher the efficiency of the inverter. The complete hardware prototype of the 3W portable AC lamp is tested. The lamp is switched on with nominal voltage of the battery was recorded. The voltage of the battery was measured in every single hour as the lamp operates until it suddenly lights off which indicates that the battery has been fully discharged. The test is conducted three times in order to identify the actual performance of the battery. Table II shows the voltage level of the battery measured every hour during the testing process. Based on the tabulated result can be conclude that the push-pull inverter can support maximum to 6 Hours operating. 
IV. CONCLUSION
In this paper, a prototype of push-pull topology inverter was develops. The simulation was performed using the livewire software while the inverter hardware prototype consists of the PV module, charger controller circuit, battery, inverter circuit and step-up transformer. From the result obtained, the output waveform of this inverter circuit is square waveform. This inverter successfully converts the 12 VDC into nearly 230 VAC. The operation and performance of the inverter has also been confirmed by the prototype results of proposed converter. The results have been found in good agreement with the analysis presented in this paper. Therefore, this paper recommends the proposed topology to support other AC appliances rather than a portable lamp.
